Abstract. In this paper, the fire risk parameters of three kinds of pulverized coal in Shenhua coal direct liquefaction project were tested, and from the two aspects of coal explosion sensitivity and explosive intensity, the impact of the sample fire hazard by the moisture content and the iron catalyst content in pulverized coal were analyzed and compared. The results show that: (1) the higher the moisture content in the pulverized coal, the smaller the explosive index of coal powder; (2) the presence of the appropriate amount of iron catalyst in the catalyst pulverized coal leads to increased explosive strength of coal.
Introduction
In recent years, the rapid rise of coal chemical enterprises throughout the country, Shenhua coal direct liquefaction project is the world's first coal direct liquefaction demonstration project. Its material for the Shendong bituminous coal is a typical high-volatile coal. This paper was based on Shenhua coal liquefaction project three coal samples of gasification coal, liquefied pulverized coal and catalyst coal, in addition, the fire risk parameters (minimum ignition temperature of dust layer, minimum ignition temperature of the dust cloud, maximum ignition energy of the dust cloud, maximum dust explosion pressure of the dust cloud, maximum explosion pressure rise rate and explosion index, explosion lower limit concentration of the dust cloud and pulverized coal flammability classification) were tested to analyze the fire risk and relationship of the three kinds of pulverized coal samples. The influence of moisture and catalyst on the explosion sensitivity and the explosion intensity is discussed in order to provide the basis for the division of the fire hazard in the existing place of pulverized coal.
Shenhua Raw Coal Characteristics
The section headings are in boldface capital and lowercase letters. Second level headings are typed as part of the succeeding paragraph (like the subsection heading of this paragraph). Table 1 . Industrial analysis data of Shenhua raw coal.
Analysis of the Raw Coal
The coal quality analysis data of raw coal supplied by Shenhua Ordos Coal Oil Company Quality Inspection Center is shown in Shenhua coal particle size distribution, moisture and bulk density parameters of the coal liquefaction project for gasification of coal, for liquefaction of coal and catalyst pulverized test results shown in Table 2 . The similarities and differences between the three kinds of pulverized coal samples obtained from the test results are:
(1) The particle size distribution of the 3 kinds of pulverized coal is roughly the same, less than 75um of coal is greater than 80%;
(2) The main difference between the three types of pulverized coal samples is that the lowest water content of coal used for gasification is 1.90% , which is 3.50% of liquefied pulverized coal and catalyst pulverized coal; (3) The difference between the liquefaction pulverized coal and the catalyst pulverized coal is that catalyst pulverized coal is a mixture of coal and FeO • H 2 O and a part of unreacted iron catalyst.
(4) The bulk density of the pulverized coal used for gasification and for liquefaction can be considered approximately the same, which are 0.491 g / cm 3 and 0.50 g / cm 3 , respectively, but the catalyst coal is higher for containing iron and iron oxides, 0.611 g / cm 3 . 
Analysis on Fire Hazard of Shenhua Pulverized Coal

Analysis of Fire Hazard Parameters of Different Pulverized Coal
(1) Dust layer minimum ignition temperature The minimum ignition temperature of the dust layer is the minimum heating temperature (ambient temperature) when the pulverized coal is ignited and it is used to evaluate the sensitivity of the coal dust. The parameters of the test results in Table 3 show that： As water has a role in suppressing the explosion, so the drier the dust, the greater risk of fire and explosion.
The dust layer lowest ignition temperature of the three pulverized coal samples is: T gasification coal (220 ° C) <T liquefaction coal (230 °C) = T Catalyst coal (230 °C) .The higher the water content is, the higher the ignition temperature of the pulverized coal layer; but the water content difference (1.60%) has a little effect on the ignition temperature, only 10℃, and this conclusion is consistent with the experimental results in [7] [8] [9] . Since the moisture in the dust layer is first evaporated, the influence on the subsequent fire is very small, so the coal moisture content has a minimum effect on ignition temperature.
The iron and its oxide components in the catalyst pulverized coal do not affect the minimum ignition energy of the pulverized coal. This may be due to the low content of iron and its oxides and the test of the pulverized coal layer with a 5mm thick stacking. Because the distance between the pulverized coal particles is very small, so T liquefaction coal = T catalyst coal .
(2) Dust cloud minimum ignition energy The dust cloud minimum ignition energy is the minimum value of the ignition source energy that causes the dust cloud to ignite when the dust cloud is at the most likely concentration. The minimum ignition energy of coal dust reflects the degree of dust ignition from the energy point of view.
Dust cloud minimum ignition energy：E min gasification coal (9～20 MJ)< E min liquefaction coal (16～52 mJ)< E min catalyst coal (50～60mJ).
The results show that the water content of the pulverized coal sample has a great influence on the minimum ignition energy. So the gasified coal has the lowest minimum ignition energy with lowest water content of the powder. This test conclusion is the same as that of the study of Liu Yongqin [9] .
The minimum ignition energy of the catalyst pulverized coal is the highest, indicating that when the water content is the same, the iron and its oxides in the catalyst pulverized coal is dispersed among the pulverized coal and the concentration of the pulverized coal is reduced, so that he chance of contact with the ignition source increases, so that the minimum ignition of the pulverized coal sample can be reduced;
In the existing place of the three kinds of coal, the maximum allowable ignition energy is 60mJ to prevent the fire, static electricity and so on. Especially in the coal preparation for gasification, pipeline and gasifier plant and so on, because 9～ 20mJ of ignition can lead to dust powder of the gasification coal cloud fire should pay attention to the equipment and pipeline sealing.
(3) Dust cloud minimum ignition temperature The minimum ignition temperature of the dust cloud is to evaluate the sensitivity of the pulverized coal supended in the air to heat or explode.
The lowest ignition temperatures of the pulverized coal dust powder are: T catalyst coal (380
The results show that the dust cloud ignition temperature increases with the increase of water content, which is consistent with the experimental results [7] . On the one hand, the water causes the dust to coalesce and the particle size becomes larger ； on the other hand, the evaporation of water to absorb heat, so that reduce the temperature of dust heating, and ultimately lead to increase the minimum ignition temperature of the dust cloud.
Compared with the gasification pulverized coal, the reduced ignition temperature of the dust cloud is as high as 100 ℃ due to the presence of iron and iron oxides in the catalyst pulverized coal. The reason is that the catalyst pulverized coal is suspended and the presence of iron and oxide particles is effective on increasing the dispersion of pulverized coal particles, in order to reduce the minimum ignition temperature.
(4) Dust cloud explosion lower limit concentration The lower limit of dust cloud explosion is also one of the discriminating parameters of coal powder cloud explosion sensitivity.
The relationship between the concentration of the dust cloud explosion and the lower limit concentration of the pulverized coal sample is:
C min liquefaction coal (10～20g/m 3 )< C min gasification coal (10～30 g/ m 3 )= C min Catalyst coa l(10～30 g/ m 3 )
；
The lower limit concentrations of explosion of the three kinds of pulverized coal samples are similar.
(5)Dust cloud maximum explosion pressure P max 、 explosion pressure rise rate (dp/dt) max and explosion index K st The explosion intensity of the dust cloud is usually expressed by dust cloud maximum explosion pressure P max 、 explosion pressure rise rate (dp/dt) max and explosion index K st . The relationship of the explosion rate of dust cloud explosion pressure is:(dp/dt) max gasification coal(179.49MPa/s)<(dp/dt) max liquefaction coal (217.957MPa/s)< (dp/dt) max Catalyst coal (229.17 MPa/s); and the relationship of the explosion index is the same: K max gasification coal (48.784 Mpa·m/s)< K max liquefaction coal (59.238 Mpa·m/s)< K max Catalyst coal (62.288 Mpa·m/s);
The results show that the higher the moisture content of the pulverized coal sample, the higher the explosion rate (dp/dt) max of the dust cloud and the higher the explosion index K max, that is, the higher the moisture content of the pulverized coal, The greater the explosion hazard; In addition, the catalyst dust powder dust explosion index is the largest. The main reactions influencing (dp/dt) max and K max are shown in Eq.1 to 3: 3C + 2O 2 → 2CO + CO 2 (1)
Since the moisture content (3.50%) of the liquefaction coal is higher than that(1.90%) of the gasification coal, the quality of H 2 O involved in the Eq. 3 is more, and the corresponding explosion intensity index is bigger than the latter. In addition, comparing to the liquefaction coal, the main reactions of FeO in the catalyst coal are shown in Eq. (4) to (6) , and the reactions shown in Eq. 4 and 5 lead to the explosion intensity index of the catalyst coal, the reaction equations are as follows:
2 FeO + C →Fe + CO 2
FeO + CO →Fe + CO 2 (6) Professor Tan Yingxin's experimental study shows that limestone can play a role in inhibiting the pulverized coal explosion, but the inhibition is related to the amount of inert media added [10] . The presence of Fe and FeO in pulverized coal has a certain effect on the pulverized coal explosion, but this inhibition is secondary, and its inhibitory effect is far from offset of the increased pressure of FeO and C reaction, so the final performance of the catalyst for the explosion of coal powder the largest intensity.
Analysis of the Relationship between Different Fire Hazard Parameters
(1) The relationship between the minimum ignition temperature of dust layer and dust cloud Temperature curves for the three kinds of pulverized coal powder dust and dust cloud minimum ignition are shown in Fig. 1 , we can see that:
The lowest ignition temperature(220℃～230℃) of the dust layer of the three coal samples is lower 150℃～230℃ than the minimum ignition temperature(380℃～480℃) of the dust cloud , which shows that the coal powder in the accumulation state than the suspension state is more likely to catch fire. The study of Northeastern University Li Gang [7] on the lowest ignition temperature of grain associated with dust also obtained the conclusion that the dust layered is much easier to catch fire than the dust cloud. It is generally assumed that the ignition temperature of the dust cloud is about twice that of the dust layer [10] . These conclusions are consistent with the conclusions in this experiment. In the coal mill, coal storage and transportation and other places, it's necessary to check and clean the conveyor belt and the corner of the plant and other parts of the dust easily dust promptly, to avoid dust accumulation; at the same time, the ambient temperature should be strictly controlled, to prevent the dust layer heat cannot be released in time to achieve the minimum dust layer ignition temperature, and even fire or even explosion. In addition, although the dust in the suspended state, compared with the pulverized coal layer, it is more difficult to cause an explosion, but if the fire or explosion of the dust layer has happened, it will easily ignite the dust in the air and cause a second explosion.
(2)The Relationship between explosive pressure rise rate and explosive index Fig. 2 shows the explosion pressure rise rate and explosion index curve of the three coal samples. It can be seen that the explosion pressure rise rate of the dust cloud of the three coal samples is consistent with the explosion index. The explosive pressure and explosion index of the gasification coal are the smallest, and those of the catalyst coal are the biggest. Therefore, relative to the other two kinds of coal, in the catalyst pulverized coal production, preservation and transportation and other places, the explosion-proof measures and safety distance are required the most strictly. 
Summary
Basing on the comparison and analysis of the fire risk parameters of the three pulverized coal samples in Shenhua Coal Direct Liquefaction Project, the following conclusions can be drawn:
The lower the water content of the pulverized coal sample, the lower the minimum ignition temperature of the dust layer, the lower the minimum ignition energy of the dust cloud, that is, the greater the explosion sensitivity index of the dust. In addition, for the same pulverized coal sample, the ignition temperature of the dust cloud is about two times of that of the dust layer.
(2) The effect of moisture content on the minimum ignition temperature of coal dust cloud is the smallest. When the moisture content is the same, the minimum ignition temperature of the dust cloud of the catalyst pulverized coal is 80 ℃ lower than that used for liquefaction. (3)
The lower limit of the dust cloud explosion of the three coal samples is low, which is C min = 10~30g / m 3 , and the presence of moisture content and the catalyst in the pulverized coal has little effect on the lower limit of the dust cloud explosion.
The higher the moisture content of the pulverized coal sample, the greater the explosion pressure rise rate (dp/dt) max , the greater the explosion index K max and the greater the explosive intensity of the pulverized coal. In addition, appropriate amount of iron and its oxides react with C and H 2 O and generate H 2 and CO gas, so the catalyst coal has the largest explosion intensity.
By the analysis and research on the three kinds of pulverized coal fire hazard of Shenhua Coal Direct Liquefaction Project, it can provide quantitative basis for the classification of fire prevention and the classification of the three kinds of pulverized coal production, storage and transportation sites, which is of great practical significance to the safe operation of the project. 
